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(54) Hue: MULTIPLEX UGATIONS-DEPENDENT AMPLIFICATION 
(57) Abstract 

A method of multiplex amplification features a plurality of split probe 
reagents ("SPRs") each of which includes a target specific region defined by its 
3' and 5' ends and, in non<:omplementary regions ("NCRs"), primer binding sites 
("PBSs H ) that are common to each split probe reagent. The 3' and 5* ends of 
each SPR are ligated together only when hybridized to its target-specific template 
strand but, once joined, all SPRs can be amplified by a common primer set in a 
PGR reaction. SPRs may be a continuous strand, the ends of which are ligatable 
to form a loop, or they may be distinct polynucleotide pairs. Specialized sequence 
segments may be employed to facilitate detection on the basis of specific sequences 
and/or length. 



12 



50- 



14 



16 



52 ^5' 



5'- 



1 



20 

A 



II II I 1 1 Ifl I I I 1 1 LI 



14 



16 



r 1' 



20 





nwcnnrrn- *-\A/n aats^ini \ ^ 



Codes used to identify 
applications under the PCT 



FOR 

Siares 



THEPUmtSESOt INFOHMATION ONLY 



Pzny to the PCT on the front 



AT 
A I! 
Bfi 
BE 

bf 

BC 
BJ 
BR 

BV 

CA 
CF 
CC 
CH 

a 

CM 

CN 



cz 

0£ 
DK 

£S Spun 

France 

CA Gabon 



Atatht 
Asuiiiu 
B*bndoi 
Belgium 

Barfcau Feso 

Bulgaria 

Bonn 

Brazil 

Belarus 

Canada 

Ceu»H African Repute 
Congo 

S*K*erttnd 

Cameroon 
China 

Czechoslovakia 

Czadi Republic 
Germany 



^ P^nphta, puWishi^ imen^, 



GB 

GE 
GN 
GR 
HU 

IE 

IT 

JP 

XE 

KG 

KP 



KR 
KZ 
LI 

UC 
Lt 
LV 
MC 

MO 

MC 

ML 

MN 



Kingdom 
Georgia 

Guinea 
Greece 
Hungary 
Ireland 
Ztajy 
Japan 
•Ceny* 

Republ ic of Korea 
Kazakhstan 

Sri Lanka 
Luxembourg 
Latvia 
Monaco 

Re P ubI »c of Moldova 

Martijaicaj 

Maii 

Mongolia 



Mauritania 
WW Mtbnri 
NE Niger 
NL Nethertanda 
NO Norway 

New Zealand 
PL Poland 
PT Portugal 

RO Romans 

50 Sudan 
SE Sweden 

51 Sbvenia 
sx Slovakia 
«N Senegal 
TD Chad 
™ Togo 

VieiNam 



WO 96/15271 - PCT/US95/14886 



Multiplex L1gat1ons-dependent Amplification 

Field of the Invention 

The invention relates to methods for amplifying and detecting a target 
nucleic acid sequence and, more particularly, to a method for specifically 
amplifying multiple target sequences using a single pair of primers. 

5 BackgroiAnd of the Invention 

One well-known method for amplification of target nucleic acids is the 
polymerase chain reaction (PCR). In PCR two primers (of opposite "sense") are 
employed in excess to hybridize at the outside ends of complementary strands 
of the target nucleic acid. The primers are each extended by a polymerase using 

1 0 the target nucleic acid as a template. The extension products are dissociated 
from the original target strand and the extension product of one primer 
becomes template for extension of the other primer as is well understood inihe 
art. The cycle of dissociation, reannealing and extension is repeated to increase 
geometrically the number of target sequence molecules. PCR is described 

1 5 further in U.S. Patents 4,683,195 and 4,683,202, both incorporated herein by 
reference. 

An alternate mechanism for amplification of target nucleic acids is 
known as ligase chain reaction. (LCR). In LCR, two sets of probe partners are 
used which includes one set of primary probes (first and second probe partners) 

20 and a second set of secondary probes (third and fourth probe partners) all of 
which are employed in excess. One probe partner hybridizes to a first segment 
of the target strand and the other probe partner hybridizes to a second segment 
of the same target strand, the first and second segments being contiguous 
(either with or without a template-dependent correction step) so that the 

25 primary probes abut one another in 5' phosphate-3' hydroxyl relationship and 
so that a ligase enzyme or other reagent can covalently fuse or ligate the two 
probes of the partner set into a fused product. In addition, a third (secondary) 
probe can hybridize to a portion of the first probe and a fourth (secondary) 
probe can hybridize to a portion of the second probe in a similar abutting 

30 fashion, either with or without correction. Of course, if the target is initially 
double stranded, the secondary probes will also hybridize to the target 
complement in the first instance. Once the fused strand of primary probes is 
separated from the target strand, it will hybridize with the third and fourth 
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multiplex reaction to optimize signal development by changing cycle 
parameters (e.g. cycle time, cycle temperature or the number of cycles) from one 
pnmer/probe set to another; all must amplify within a constant set of cycle 
parameters. This has necessitated careful titration of primer/probe 
concentrations and has resulted in compromises that reduce the overall 
efficiency of amplification. 

stpn . ^ gCn f rati0 " of diarized probes following a target specific ligation 
step has been described by Nikson et al. in Science, 2562085-2088 (1994) The 
circularized probes, dubbed "padlock probes" due to their catenation with the 

TbLtsT H d ** id6ntifiCati0n * dones » sarnie libraries, fragments 
m bio s of whole genomes or for in-situ analysis of chromosomes. The ability 
to perform direct hybridization assays with reduced background is possible by 
removal of label from unligated probes, either by alkaline phosphatase 
cleaveage of 32 P label , or by exonudeoly Hc degradation of ^ ^ 

ohgonucleotide probes. Circularized probes are resistant to label removal and 
degradation since they contain no free 5' or 3' ends. 
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(ii) a supply of deoxynucleotide triphosphates; and 

(iii) an agent for inducing extension of the primers; 

(e) extending the first primer to form an extension product 
therefrom; 

(f) treating the reaction mixture under denaturing conditions to 
separate primer extension products from their templates; 

(g) treating the reaction mixture under hybridizing conditions to 
anneal the primers to the ligated probe or to extension product of the first 
primer and extending the primers to form extension products therefrom 

rsPR-w* ^ SySt6m ' there 18 g6nerally ° ne or more s P nt P robe ""gents 
( SPR ) for each target one desires to detect. Each SPR has a 375' end specific 

for a different particular target, and has two sequence segments common to all 
SPRs that serve as primer binding sites ("PBS") or complements thereof (the so- 
called PBS' site). 

Preferably the agents for ligating and for inducing extension are 
enzymatic agents such as a DNA ligase and DNA polymerase, respectively The 
polymerase is preferably thermostable. Since the ligase need not be active 
through the cycling steps, it generally need not be thermostable, but in cases 
where hybridization is performed under stringent conditions, (e.g high 
tempreature) some degree of thermostability may be desirable. Generally steps 
(f) and (g) are repeated from 2 to 100 times, more typically from 15 to 50 times 

It may be preferable to include specialized segments for detection within 
the SPR m a location that will be amplified by the primers. These segments 
may include another sequence that is common for each SPR/target, specific for 
each SPR/target, or sequences located between the PBSs that vary sufficiently in 
length that ampUfication products from one SPR can be distinguished from 
amplication products from a different SPR on the basis of length differences 
It may be desirable to separate unligated SPR from the reaction mixture 
either before or after the ligating step, but prior to amplification. This may be 
accomplished by removal of the SPR:target complexes or, in one embodiment, 
by degradation of excess single stranded SPRs. 

In another aspect, the invention is a kit containing the reagents 
necessary to perform the above methods, and optionally including instructions 
for use. The reagents may be in one or more containers and will include at 
35 least: 

(a) one least one split probe reagent as defined above for each target to 
be detected; 

(b) an agent for ligating the split probe reagent; 
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Detailed Desrripti^ fff t h P Tnv PTltioT1 

The various aspects of the present invention will now be described in 
more detail. It will be noted that all publications, patents and published patent 
application mentioned herein are incorporated in their entirety. 

A. Terminology 

"Amplification" refers to the process by which additional copies of a 
target sequence are synthesized. Generally amplification involves repeated 
cycles of annealing, synthesis and denaturation. Synthesis is typically by a 
process of extension or elongation. "Multiplex" amplification refers to an 
amplification process wherein a plurality of distinct target sequences are 
amplified simultaneously in the same cycles of amplification. Plurality means 
at least two, preferably three or more distinct sequences. 

"Split probe reagent" or "SPR" refers to a reagent that is one or two 
polynucleotides which include ends complementary to a specific target nucleic 
aad sequence. "Polynucleotide" includes non-natural binding reagents, such as 
peptide nucleic acid analogs (PNAs), that are capable of specifically binding to 
natural nucleic acids. A split probe reagent ("SPR"), whether consisting of one 
or two polynucleotides, generally has total length between 20 and several 
hundred nucleotides. More typically, the length of a single, continuous split 
probe reagent is between about 50 and 300 nucleotides; and the length of each 
half of a dual split probe reagent is between about 15 and 100 nucleotides 
While the minimum length is important, the maximum length is dictated 
only by manufacturing economy and practicality. 

Split probe reagents can be made by synthetic methods such as the 
phosphoramidite or H-phosphonate methods, particularly when shorter probes 
are desired, or they can be made by standard cloning methods. It is also possible 
to synthesize a split probe reagent in one or more smaller fragments and to 
hgate the fragments together in a desired order using one or more synthetic 
templates that span the assembly junctions. Alternatively, a single strand 
template can be synthesized and large quantities of a complementary split probe 
reagent can be manufactured using a polymerase and a single primer that 
hybridizes to the template at the 3' end. 

"End" refers to a region or segment of a polynucleotide which includes 
the terminus and the next several adjacent nucleotides. The precise length of 
an 'end" is relatively unimportant and variable. For example in the split probe 
reagent, an "end" may include up to the last 50 nucleotides of the probe 
usually up to the last 30 and more typically the last 5 to 25 or so nucleotides 
"End" may refer to either the 5' end or the 3' end. In the case of a split probe 
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Thus a high G:C content and longer probe lengths impact the "hybridization 
conditions" by elevating the melt temperature. 

Once probes are selected for a given diagnostic application, the G C 
content and length will be known and can be accounted for in determining 
precisely what "hybridization conditions" will encompass. Since ionic sr^Lh 
- typically optimized for enzymatic activity, the only parameter left* 
the temperature. For improved specificity, the hybridization temperature! 
selected shghtly below the Tm of the probe; typically 2-15 • C below the Tm 
Thus, obtaming suitable "hybridization conditions" for a particular probe set 
and system is well within ordinary skill of one practicing this art 

Conversely, "denaturing" or "dissociating" conditions refer to conditions 
where stnngency M increased such that a given probe or probes no longer 
hybridize. For example, under given ionic conditions increasing the 
temperature to a point 5-15' C above the Tm of a probe:tem P Iate duplex results 
in a denaturing condition. P'ex results 

"Ligate" means to covalently join. Agents for ligating include 
enzymatic, chemical and photochemical means. Preferred enzymatic ligatine 
agents include DNA ligases and the like. Thermostability is not reared 0 7 
these ligating agents. Suitable enzymatic ligases are commercially available 

mowT 0118 S ° UrC ?' ^ " ^ England Bi ° labs ' Stratagene, Molecular 
Biology Resources, and others. Photochemical ligation methods are also 

known m the art. See e.g. EP-A-0 324 616 (Amoco) and WO90/01069 (Segev) 

Wed Tr d r ° f ^ SPht Pr ° be reaSem Hgated ' 3 i^tionfs 

Z H ^ S3t,0n jU " Cti0n Sh ° Uld bg f0rmed 50 aS not t0 ^rfere with the 
Hgated product serving as template in subsequent cycles. 

"Extend" means to grow or to make longer as is well known in the art of 
primer extension and polymerase chain reactions, and generally employs an 
agent for inducing extension and a template. Agents for inducing extension 
include, for example, polymerases and reverse transcriptases. As in PCR 
preferably -the agent for inducing extension is thermostable in order to ' 
withstand the denaturing conditions of strand separation. Numerous 
thermostable polymerases are commercially available, including those derived 
from Thermus amicus CTa q ») and Thermus flavus ("7/1") organisms 
Enzyme fragments, such as Klenow and Stoffel, that have the ability to extend 
are included within inducing agents. 

"Primer" is used with its conventional meaning and refers to an 
ohgonucleotide which can be used for a template-directed extension reaction 
For example, when an oligonucleotide having a free 3' hydroxyl is hybridized 
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pT^£ T antib ° d ^ ten —P'ementary polyLcleorid" 
pa. s hoto-avdm patrs; sugar-lectin pairs, protein-receptor pairs, nucleic acid 
nucle.c acid binding protein pairs and the like. 

The term "label" refers to a molecule or moiety having a property or 
^enst.cwhich.capableofdetecHon. A label may be dLtiy Liable as 
mm radto^topes. fluorophores or chemilumiphores; or a label may be 
indirectly d e,e«able, as with haptens or polynucleotide tail, When indirect 
labels are used for detection or signalling purposes, they are used in 
conjunct™ with a signalling entity complex. A "signalling entity" is a 

T^n' ? WWCh PrOVideS *' de,eCtobk » duracteristic. 

The stgnaUmg enWy may be direct, as with a colloidal panicle (e.g. colloida. 
gold or selenium); or i, may be indirect, as with an enzyme (e.g. alkaline 
e P nZ <" P™— * indirect signauing 

tospe J f 1 . Dm d m g partner , suchasanantibodyorpolynudeotjde • 
conjugates may be prepared according to any known method of conjugation. 
B- Methods of the Invention 

The invention will now be described with reference to the drawing 
figures. Ftgures 1 and 2 represent one embodiment; Figures 3 and 4 represent 
another embodiment. Also, Figures. 1 and 3 depict what happens when ce, 

stl o * PartS K <a " H) °' ^ repreSen ' *» M ™ ^responding 

nd he t °' **" K8UreS - F ° r ~ °' diKUSS - figures 

and the ensumg descr.pt.on describe amplification and detection of a single 

target. However, the true advantage of the invention is realized when 
mulfple targets are amplified and detected a. one time using m ultip.e split 
probe reagents, one specific for each target and each having in common the 
sequences for primer binding sites. 
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NCRs converge. To simplify the discussion, it will be presumed that the point 
of convergence is arbitrarily set nearer to the 5' end. i.e. in the lower left portion 
of the loop (see Figures) and that the 5' ends of the primer binding sites (see 
below) define the boundary of the NCRs. In this way, the primers amplify a 
regions including both entire NCRs and the 3' and 5' ends. 

Referring now to Figures lc and 3c, it will be seen that the first NCR 22 
includes a first primer binding site ("PBS") 26. It is to this site that an 
amplification primer 28 will bind as is discussed below. In addition, second 
NCR 24 includes a site 30 which contains a sequence identical to that of a 
second primer 32 (see Figures le and 3e). As is well understood in the art of 
PCR, the site 30 is complementary to a second primer binding site or PBS 34 as 
shown in Figures Id, le, 3d and 3e. For this reason, the site 30 may be referred 
to as "the second PBS' site" the "prime" designation being a common way to 
identify a complement. 

It is important for multiplexing according to the invention that the first 
and second PBS be the same for each SPR. While exact sequence identity is not 
essential- primers can be made to hybridize and extend on templates with 
some mismatches- there is no reason not to utilize exact identity. Since target 
specificity lies in the 5' and 3' ends (14,16) of the SPR, the remainder of the 
polynucleotide need not have unnecessary variance. In this way a common set 
of primers is used to amplify the SPR, but amplification results only if the split 
probe nas been joined to form the ligation junction. 

Both the first and second NCRs 22, 24 may also contain other specialized 
sequences for various purposes, such as to facilitate separation and/or detection 
of hybrid complexes. These are discussed in more detail below. 

Once a ligated probe 18, 58 is formed, it serves as a new template for 
amplification by a pair of common primers. Prior to amplifying this template 
however, it may be preferable to separate ligated probe from unligated SPRs 
This can be done by a number of techniques. For example, under hybridizing 
conditions the complex of ligated probe and target may be separated from the 
reaction mixture through the use of affinity members. Affinity members 
useful for this purpose include antibodies capable of recognizing duplex 
structures, and/or a capture hybridization probe specific for a different segment 
of the target strand. Alternatively, in the case of the dual SPR 50, an affinity 
agent attached to the polynucleotide 52 may also be used for this purpose. 
Although this affinity mechanism will isolate both ligated and unligated split 
probe halves 52, it will at least remove unligated split half 51 which is more 
likely to generate background than half 52. 
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split probe 10 and split probe half 51 will continue in subsequent cycles to 
provide a PBS 26 for first primer 28 and multiple incomplete extension 
products 66 will be formed as is shown in Figures 2e, 2f, 4e and 4f. In the 
absence of extension across the ligation junction, extension product 66 will 
never contain the second PBS 34 which would permit hybridization and 
extension of the second primer 32. Thus, as shown in Figures 2g, 2h, 4g and 4h 
there will be no second extension product whatsoever and, thus, no 
exponential amplification. 

The great advantage of the present invention is that each split probe 
reagent can be designed to include 3 1 and 5' ends which are specific for a 
particular target, while including in their NCRs two sequences that ensure 
PBSs which are common to a plurality of SPRs. In this manner, a single set of 
common primers, and a single set of amplification conditions which are 
optimized for the common primers, can be used to amplify a plurality of target 
sequences without sacrificing or compromising the efficiency of amplification 
Double-stranaed amplification products are generated only in the presence of 
the specific target of interest, which causes formation of the ligation junction 
Accordmgly, even under common, simultaneous reaction conditions, a specific 
SPR will be amplified only if its specific and unique target was present initially 
to cause ligation of the split probe reagent. Y 

Detection of the target sequence(s) proceeds according to any known 
method for detecting the amplification products of a PCR. Several possible 
methods are discussed below, keeping in mind the requirements imposed by 
multip ex assays. The first consideration is whether or not it is necessary in a 
particular case to differentiate among the targets detected in a multiplex assay 
Depending on the targets, differentiation may not be require. For example 
multiplex assays may be performed to detect HTV-1 and HIV-2 but the ' 
practitioner may need to know only whether either is present.' Similarly a 
practitioner may need to know only that a patient is infected with a "high-risk" 
HPV type, not whether it is type 16, type 18 or type 33. In these cases it is 
uneccesary to differentiate among the various targets and a generic detection 
scheme may be used. 

In contrast, when the practitioner needs to differentiate the targets a 
dominating detection scheme is required. For example, in genetic testing it 
may be necessary to know which of two or more alleles is present. In such cases 
where discriminating detection is desired in heterogeneous assays it is 
preferred to use a capture system and label system such that at least one 
(capture or label) system is unique for each target and specific for the 
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well as one or JZ^L^'T? «"°*"» " 

Such sequences may J ' ^ PTObe - 

-ecuU, „4) a, is JStT S^J ^1 'r ""^ 

target sequence might have 3" and S- mrf .T«V' ^ f ' C for " flrst 
NCRs of 20 bases each wi* L^bL * ** » d ^nd 

amplification product leng^ tsTl ST ""^ ** ' »»' 
' have IS base 3" and y ends ^ I Z^rp .? " " " B » d br 8« "W* also 
*cond SPR. hoivever £ , " ' ** NC f ' denfal * *• fat SPR. Tte 
upstream of me PB ^. t^TT? ^ 10 being 

«cond SPR wiU be 80 ^L^Zf" *e ampUfication product, of the 

Simoarty, a third Z ^Z^^jT *°" " " *" SBl 
dividual targets and c-S L^CaL ^ ^ *» 
in length for each distinct SPR Twin add,t,oni ' 1 -nsertions, increasing 

to discriminate base pair Prices" of IT " * * " 

200 total bases. Such eels mav b. Z r , * * e ran Se °' » to 

-mide or b y emplo^rS^Lr ^ " 

disclosed in US. Patent 4 751 177 .0 Z Pmbes " * 

variations- include virtuallv a ™, « a t Schneider, et al. Other 

preferably using J^^^^ 
art are readily able to devise varvin/™T , P ' ^ skilled in >he 

needs, and varying ^Z5£Z£? * ^ «* 

C Ki7s 0/ /Ae Invention 

Kits according to the invention include a suirahi* 
reagents in one or more suitable containers ^ ° f ** f ° ,,OWin S 

• at least one SPR for each desired target nucleic acid 

• an agent for Hgation, preferably a ligL en*^ 
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^X!^^^ GAGGAGTCCA TGACGAAACT 
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A HPV 33 specific split probe reagent (SEQ ID NO 3) having 

TCTGGTTATC GAAA TCAGCC ACAGCTCTTG GAGCACTCCA ^ 
CTCCCTATT, ^^ ^ APrrr . , , ACC ^CCA T6ACGAAAC T 

s 

A common PCR primer A (SEQ ID NO. 4) having the sequence: 

5 ' -GATGAGTTCG TGTCCGTACA-3 ' • 
A common PCR primer B (SEQ ID NO. 5) having the sequence- 

5 • -GGTTATCGAA ATCAGCCACA C-3 • ; and 
A genenc detection probe (SEQ ID NO. 6) having the sequence: 

5 ' -TGGAGGAGTC CATGACG AAA - 3 • 

Prime, A (SEQ ID^, 4)T^ " "T^"^ * • end. 

primer B (SEQ ID NO » ? ^ *° "* ** " alfci2ed 

*a, - «. detection probe (SEQ ID NO. 6, " 
complementary strand of the SPR The « • "yonaize to the 

px.be ^uen cT are ZT" " " 

c 0 nce„:~rr^ s ^3;r: v DN r — 

SPR (SEQ ID NOs 1 31 Tk7 2 * A mcubat <* with each 

cornea to 55 C for 1-60 mm. lo allow the split probes to anneal to th-ir 
respective HPV targets. When annealed to the proper HPV * . 
DNA hgase will join the 5' and 3' ends of *e sp^eT T "~ 
molecule. The reacHons are men hea ted toX foMO " * drCU ' ar 

ligase if desired. to 100 C for 10 nun. to inactivate the 

Reactions are then diluted to 100 ul for Pi-n . 
colons are ,0-50 mM Tris pH ^ KC 

each dATP. dOP. dGTP, TTP, 0.00, % ,w/v, gelatin, , bout ^^rlo 
PCR pnmers A and B (SEQ ID NO, 4-5, and 1-5 units T„, DNA 00!^ 
Reacts are cycled for 40 cycles of consisting of , minute ",'^1 
and 1 min. at 65'C. mmute at 95 C, 1 mm at 55°C 
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* to 95-C for 1* nl P^'^de kinase. J** 

when th. 3gam ' ^beled ee l shifr \T identified after 

&am « !l ^- Multiplex »„■•«• ■ Preen,u >'h««me reaction. 

-nunomy causing CT^T" ^ »u J^l ' 

?nen yWimirie which » «*» postton 1653 which caus« ^ , M f f t 

specifies a r ( „ a posinon 508 of the m™, i Ms of *e 

normally ^ « ™* ^.ion 1764 c^ 1—* G 55lD 
many occurnng glycine at «< ""wig replacement of the 

^^=^^r^--nce. 

ACTGATTGCC -C^^^^^* C*^ 
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A AF 508 specific spUt probe reagent (SEQ ID NO. 9) having the sequence- 

5 -ATgftTftTTTT CTTTMTW Wr CTCTTGT ACGGACACGA ACTCATCCTC 
TGGTTATCGA AATCAGCCAC AGCTCTTGGA GGAGTCCATG ACGAAAGATG 
AACTGATTGC CCGTCTCCGC TCGCTGGGTG AACAACCTCT TATATTCATP 

A common PCR primer A (SEQ ID NO. 4) having the sequence: 

5 ' -GATGAGTTCG TGTCCGTACA-3 • • 
A common PCR primer B (SEQ ID NO. 5) having the sequence: 

5 ' -GGTTATCGAA ATCAGCCACA 0-3 • ; 
A G551D detection probe (SEQ ID NO. 10): 

5 ' -AAAGAAATTC TTGCTCGTTG ATCTCCACTC AGTGTGATTC C-3 • • 
A W 12 82X detection probe (SEQ ID NO. 11): 

1 S a A l' " A ^ TCCAAAGG CTTTCCTTCA CTGTTGCAAA GTTATTGAAT-3 ■ ; and 

is A AF508 detection probe (SEQ ID NO. 12): 

-TATATTCATC ATAGGAAACA CCAATGATAT TTTCTTTAAT GGTGCC-3 ' . 

*e 5 end and 3 end which are specific for the respective mutations in the 
CFTR gene. The detection probes (SEQ ID NOs 10-12) are designed to hybridize 
™ Underlined "8*°" onc « «he ^ds are ligated. The 5' end of each 
^ min T ^ * ph °« ated to P rovid * • Stable end. Primer A 
SEO n mo S C ° mplementar y t0 the first itaIici2 «i sequence and primer B 

. ID NQ 5 > 18 ^entical to the second italicized sequence since it like 
segment 30 (figures 1c and 2c), is a PBS' site. The primer sequences and the 
differential length insertion sequences are derived from bacteriophage lambda 

Individual reactions including genomic DNA containing either the 
GssiD, the W 1282 X or the AF 508 mutation within the CF gene are incubated 
with each SPR (SEQ ID NOs. 7-9). The reaction contains 10-50 mM Tris pH 8 3 
1-5 mM MgCl 2 , 20-50 mM KC1, 0.1-10 uM NAD/ATP cofactor, 1-5 units of DNA 
hgase and approximately 15-30 nM of SPR in a volume of 50 ul. The reactions 
are heated to 95«C for 1 minute to denature all double stranded nucleic acid 
and cooled to 55»C for 1-60 min. to allow the split probes to anneal to their ' 
respective mutant targets. When annealed to the proper mutant target 
sequence, DNA ligase will join the 5' and 3' ends of the split probe to produce a 
circular molecule. The reactions are then heated to 100'C for 10 min to 
inactivate the ligase. 
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Alter amplification 

«uae. i he predicted PCR . 5 « and stainine with ^k-j- 

10 for the W„ B ,Y „, . Products of i\7bp for th* <~ rT ethidium 

we ^1282X mutation and 163bn *u / he Gss i D mutation i 
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SEQUENCE LISTING 



<U GENERAL INFORMATION: 

(i) APPLICANT: John J. Carrino 



OF INVENTION: Method of Multiplex Amplifi 



(E) COUNTRY: USA 

(F) ZIP: 60064-3500 

(v) COMPUTER READABLE FORM; 

<A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: Apple Macintosh Ilci 

(C) OPERATING SYSTEM: System 7 0 1 

(D) SOFTWARE: MS Word 

(vi; CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(C) CLASSIFICATION: 

(viii) ATTORNEY/AGENT INFORMATION: 

(A) NAME: Thomas D. Brainard 

(B) REGISTRATION NUMBER: 32,459 

(C) ATTORNEY DOCKET NUMBER: 5626. US. 01 

<ix) TELECOMMUNICATION INFORMATION * 

(A) TELEPHONE: 708/937-4684 

(B) TELEFAX : 708/936-2623 

(C) TELEX: 

(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 127 base pairs 
<B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: synthetic DNA 

(Xi) .SEQUENCE DESCRIPTION: SEQ ID NO:l: 



(•2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 127 base pairs 

(B) TYPE: nucleic acid 
<C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: synthetic DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO- 2* 





TCTGGTTATC 
TCCACACCTG 



60 
120 
127 
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fB) Typg. nu ^f pairs 
< A V MOLECULE TYPf' linear 

{l D molecule ~W lin *ar 

SE.- <-v.- P synthetic 

««-?C« TGTCCGTACA 
(2) INFORMATION FOR SEQ rn 

<D) TOPOLOG? ,? : Sln »le 
u ' MOLECULE TYPp' Un * ar 
( **> SEQUENCE ScL^ h «ic DNA 

"AiCGAA ATCAGCCACA G 

,2 > INFORMATION FOR cr. 

<B) Typp . " 2 ? p airs 

U» TOPOLOGY f? • * ln »l« 
MOLECULE Une « 

(B > TYPE- nJif • Pairs 

<D) TOPOLOGY Slngle 
'«) MOLECULE TYPE* " ear 
<«» SEQUENCE OBSlSSr^T 

* SE 0 ID N0;7; 
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(2) INFORMATION FOR SEQ ID NO: 8- 

(1) SEQUENCE CHARACTERISTICS • 

(A) LENGTH: 137 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

11 MOLECULE TYPE: synthetic DNA 
CXi) SEQUENCE DESCRIPTION: SEQ ID NO:8: 

ZSESSl SS £5532 SSSSSJ CTCATCCTCT GGTTATCGAA 
CTCCAAAGGC TTTCCTT ^ CGAAAGATGA ACTGATTGCC CGTCTCTCTA J J 

137 

(2) INFORMATION FOR SEQ ID NO- 9- 

(i) SEQUENCE CHARACTERISTICS • 

(A) LENGTH: 163 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 
<D) TOPOLOGY: linear 

(11) MOLECULE TYPE: svn-he--- ro-i 

(Xi> SEQUENCE DESCRIPTION? L SSQ ID NO»9: 

SS i?f ACACGA ACTCAT ^ tggttatcga 

TCGCTGGGTG AACAaSS ££££ JJ««™C SSSSS 

163 



(2) INFORMATION FOR SEQ ID NO -10- 
(1) SEQUENCE CHARACTERISTICS- 

( A \ T r»vrrvnu - - , 



(A) LENGTH: 41 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

11) MOLECULE TYPE: synthetic DNA 
<xx) SEQUENCE DESCRIPTION: SEQ ID NO:10: 

AAAGAAATTC TTGCTCGTTG ATCTCCACTC AGTGTGATTC C 

41 

(2) INFORMATION FOR SEQ ID NO- 11- 
(i) SEQUENCE CHARACTERISTICS- 
.(A) LENGTH: 40 base pairs 
(B) TYPE: nucleic acid 
(O STRANDEDNESS: single 
(D) TOPOLOGY : linear 
Ui MOLECULE TYPE: synthetic DNA 
(XI) SEQUENCE DESCRIPTION: SEQ ID NOll- 



ACTCCAAAGG CTTTCCTTCA CTGTTGCAAA GTTATTGAAT 

(2) INFORMATION FOR SEQ ID NO-12- 
(i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 46 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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'ii) MOLECULE TYPP 

tatattcatc at Aggaaaca rcAA 
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What is ClaimoW fr. 

comprising: A meB, ° d '° r 4 '"^ " Udek add «*— 

(a) '«"^g« action nature under hybridizing condition wi* 
W a sample suspected of containing a target strand with . 

(it) at least one split probe reagent having a 5' end 
con,p ementary to a firs, segment of the target strand and a 3' end 
complementary t0 a second segment of the targe, strand the s«ond 

pmed to the 3 end when the split probe reagent is hybridized with the 
target strand, wherein said 5- end and said 3 end are on twTllt 
polynucleo^ or on ^ ^ rf ^ ^ ^ 

toSdT" rea8em further ha ™ s * fet «™; 

lid *7"~» ° f *• 5 ' «• no, complementary to th?«ZT 
s .and, and a second non-complementary region located upstreamTL 
3 end and no, complementary* the targe, strand; and 

probe reagent 3 " ^ ^ 3 ' » d 5 ' m * ° f 1* 

(c) separating ,he ligated probe from the ,arge, strand; 

^anngftereacuonrnixmre under hybridizing conditions wim: 
(0 an excess of amplification primers wherein a firs, crimor 
has a sequence complement ,o a primer binding site V P BS",C h 
m said firs, non.omplemen.ary regfon; and whe/ein LooL 'ler 
has a sequence identical to a si,e W », ,oca,ed in said second „T 
complementary region, with the proviso that if said soli, JT 
continuous the PBS lo«,»rf i„ a P p ° be rea « ent is 

fa) a supply ofdeoxynudeoMetriphospha.es; and 

(ill ) an aoani> * i • 



an agent for inducing extension of the primers- 
.herefrl; ^ "* *" »"» » « ~" ~ 
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<*> ""tag the JLhv. ^ templates; 

P™>er and extelldin Prin ,2 Lr enSi ° n Pr0dUC ' °' «» «* 

^ '° f °™ «ter^on produc* merefrom 

""Snfced by , i,^ X that is 

target ^ Prebe «ni»ue for a specific 

W '-S* «f ^tension product?/™ 8 * »*< .he 

<wg« sequence. P dUctfo -«* *erefrom is unique for a specific 

4 - The method of claim i • u . 
" -fnuous P0 lynudMad d ~^ ** P^be reagen, Uprises 
Polynucleotide loop is formed. " hgattd ' ' ""bnuous 

6 * The method of rlaim c i. 
»e continuous polynudeotide »d ^ ^ ^ ™*™ comprises 

— d, se^ ^ °' ^ ' — ■ - - - second pri„ ere have 

8 - The method of claim 1 ^ k 
« — in the same reaction ^LT^T^ " ^ -S»ts 
»ds complement to different . P ' Pr ° be rea ««" ""in* 5. ? ™. 

looted ■„ Mld non^omplemenuZ "!t T ^ ^ PBS ' si * 

P* -Sen,, once u g a,ed, is amplifi^ - * 
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9. A kit for amplifying a target nucleic acid sequence comprising in 
one or more containers: 

^ (a) at least one split probe reagent having a 5' end complementary to a 
first segment of the target strand and a 3' end complementary to a second 
segment of the target strand, the second segment being sufficiently near the first 
segment such that 5' end can be joined to the 3' end when the split probe 
reagent is hybridized with the target strand, wherein said 5' end and said 3' end 
are on two distinct polynucleotides or on different ends of one continuous 
polynucleotide; the split probe reagent further having a first non- 
complementary region located downstream of the 5' end and not 
complementary to the target strand, and a second non-complementary region 
located upstream of the 3' end and not complementary to the target strand; 

(b) an agent for ligating together said 3' and 5' ends of the split probe 
reagent; v ^ w 

(0 an excess of primers wherein a first primer has a sequence 
comp ementary to a primer binding site ("PBS") located in said first non- 
complementary region; and wherein a second pnmer has a sequence identical 
to a sue ("PBS' <') located in said second non-complementary region, « 

lord 0 H T SPUt Pr ° be iS « ta ~ 1^ h-C-T 

located a said first non-complementary region is upstream of said siteLated 
in said second non-complementary region; 

(d) a supply of deoxynudeotide triphosphates; and 

(e) an agent for inducing extension of the primers. 

M rh c l v> ° f daim 9 C ° m P risin S a P lura % oi split probe reagents, 

each split probe reagent having 5' and 3' ends complementary to a different 
target sequences and each having in common the PBS located in said first non- 
complementary region and the PBS' site located in said second non- 
complementaiy region, whereby each such split probe reagent, once ligated, can 
be amplified by a common primer set. 
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